The Vlasov-Maxwell equations are used to investigate properties of the electron-ion two-stream instability for a continuous, high-intensity ion beam propagating in the zdirection with directed axial velocity vb = @bC through a background population of (stationary) electrons. The analysis is carried out for arbitrary beam intensity, consistent with transverse confinement of the beam particles, and arbitrary fractional charge neutralization. Stability properties are calculated for dipole perturbations with azimuthal mode number e = 1 about monoenergetic ion and electron distribution functions.
INTRODUCTION
Periodic focusing accelerators and transport systems[ 1, 21 have a wide range of applications ranging from basic scientific research, to applications such as spallation neutron sources, tritium production, and heavy ion fusion.
For a one-component high-intensity beam, considerable progress has been made in describing the self-consistent evolution of the beam distribution function f b ( X , p , t ) and the self-generated electric and magnetic fields in kinetic analyses[l, 3,4,5, 61 based on the Vlasov-Maxwell equations. In many practical accelerator applications, however, an (unwanted) second charge component is present. When a second charge component is present, it has been recognized for many years [7, 8, 9 , 10, 11, 121 that the relative streaming motion of the high-intensity beam particles through the background charge species provides the free energy to drive the classical hvo-stream instability[ 131.
In the present analysis, we apply the Vlasov-Maxwell equations [l, 141 to describe the self-consistent interaction of the ion and electron distribution functions with the applied field and the self-generated electric and magnetic fields. The analysis can be applied to ion beams ranging from the emittance-dominated, moderate-intensity proton beams in proton linacs and storage rings, to the lowemittance, space-charge-dominatedion beams in heavy ion fusion.
THEORETICAL MODEL AND ASSUMPTIONS
The present analysis [14] where X I = 26, + yb, is the transverse displacement, Proceedings of the 1999 Particle ACC for j = b, e. Because s dp,p,f, = 0 for the electrons, the nonlinear Vlasov equation for Fe ( x , PI, t) is given by (2) where -e is the electron charge, and VI E &a/ax + &$/ay. The 
EQUILIBRIUM PROPERTIES
Under quasisteady equilibrium conditions with a/at = 0, we assume axisymmetric beam propagation and negligible variation with axial coordinate (a/ae = 0 = a/&). There is wide latitude in specifying the functional forms of the equilibrium distribution functions [l4] . In the present analysis, we assume monoenergetic ions and electrons, with distribution functions $O(r = 0) and 4 '
and Gjf, = 4?rAbZ:e2/ybmb is the ion plasma frequencysquared. 
STABILITY ANALYSIS AND DISPERSION RELATION
where wf is defined by 
CONCLUSIONS
The general kinetic formalism[l4] outlined here can also be applied to perturbations about a wide range of nonmonoenergetic equilibrium distribution functions. A detailed, self-consistent stability analysis based on Eqs. ( 2 t (4) for continuously varying profiles is beyond the scope of the present article. It is sufficient to note that the spread in (depressed) betatron frequencies [7, 141 associated with continuously varying profiles is expected to lead to a threshold in beam intensity andlor fractional charge neutralization for the onset of instability.
